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(54) Automatic routing method 

(57) A method of automatically and sequentially 
routing connection lines between nodes of a graph rep- 
resenting a technical system, said diagram comprising 
a plurality of regions each of which comprises a row or 
column of nodes, whereby parts of each connection line 
are routed according to predetermined routing 
sequences corresponding to routing patterns, each pat- 
tern being determined based on the start and end posi- 
tion of the said part. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a system for 5 
automatically drawing net diagrams including a logic 
diagram, a process diagram, a relational tree diagram, a 
layout of a printed circuit board, and in particular, to a 
schematic generating method of automatically generat- 
ing net diagram or logic circuit diagram and a schematic 
generator or system using the method suitable for gen- 
erating a logic diagram, a functional diagram, or a circuit 
diagram in which signal f tows are easily traceable based 
on circuit parts such as circuit elements and constituent 
circuits and connective information about connections 
therebetween. 

[0002] For the conventional schematic generator, var- 
ious proposals have been presented. For example, arti- 
cles of such proposals have been described in the JP- 
A-61 -204775, "A Method of Generating a Logic Dia- 
gram" in the Technical Report CAS84-134 published in 
1984 from the Institute or Electronics and Communica- 
tion Engineers of Japan, the JP-A-60-205672, and the 
JP-A-60-176177. 

[0003] In an ordinary schematic generator, an entire 
logic circuit is subdivided through a logic division such 
that for each subdivided portion, arrangement of dia- 
gram drawing symbols of respective circuit parts and 
the like are determined in the subdivided constituent cir- 
cuit through an automatic placement or placement. 
Routings between the circuit parts are determined 
through an automatic routing. In another ordinary sche- 
matic generator, the circuit parts are arranged so as to 
be thereafter divided, thereby generating a logic circuit 
diagram. These methods produces a clear diagram pri- 
marily by subdividing a logic circuit diagram in an effec- 
tive fashion, by employing a hierarchic representation of 
the logic circuit diagram, or by using properties of partic- 
ular circuit parts other than the connective relationships 
between the circuit parts. 

[0004] Moreover, conventionally, according to a 
method of arranging circuit parts of a logical circuit dia- 
gram in the schematic generating method, locations in 
which drawing symbols are al beatable are limited to 
positions defined by assuming a checkerboard or grid 45 
on the objective diagram. The placements are then 
sequentially determined beginning from an end of the 
diagram in a fixed direction (for example, from an output 
side to an input side or in a reverse direction thereto) 
according to the connective relationships between the so 
drawings symbols (namely, between the circuit parts). In 
a procedure to decide the placements, each drawing 
symbols are assigned with a level (namely, a column for 
placement or placement) based on the connective rela- 
tionships with an input terminal (or an input port) or an 55 
output terminal (or an output port) set as a start point or 
an initial point. Subsequently, intersection of the rout- 
ings between the drawing symbols of the previous col- 



umn (level) already assigned with positions and drawing 
symbols to be positioned, or the total length of the rout- 
ings is minimized so as to sequentially allocating the 
drawing symbols of the respective columns. However, 
the number of placements is not necessarily limited to 
one. Usually, a sequential position decision from the 
output terminal (or the input terminal) to the input termi- 
nal (or the output terminal) and a sequential position 
decision in the reverse direction are repeatedly exe- 
cuted, thereby determining a better placement in an 
ordinary case. This method however is considerably 
less advantageous as compared with a diagram manu- 
ally produced by use of a computer aided system (CAD) 
such as a diagram editor with regard to visibility or easy 
understanding of the diagram. Incidentally, for informa- 
tion about this type of method, reference is to be made, 
for example, to pages 1901 to 1904 and pages 1973 to 
1974 of the 30th National Conventional Record of the 
Information Processing Society of Japan (1st period of 
1985), the JP-A-61 -204775, and pages 47 to 54 of the 
Technical Report CAS84-134 published in 1984 from 
the Institute of Electronics and Communication Engi- 
neers of Japan. 

[0005] According to the conventional example above, 
for the placements of the drawing symbols representing 
the respective circuit parts and routings or routing ther- 
ebetween, usually, provisional placements and routings 
are once determined so as to correct the resultant 
placements or routings in view of being easy to see. 
This operation however is attended with a disadvantage 
of a low processing efficiency. Furthermore, in the pro- 
cedure of allocating the drawing symbols, the parts are 
located in the positions of the centers of gravity in which 
the parts are connected one other or the positions in 
which the total routing length will be minimized. In addi- 
tion, in the allocate processing, the visibility of the rout- 
ings to be processed later has not been taken into 
consideration. As a result, a produced logic circuit dia- 
gram has not a satisfactory visibility in some cases. 
Moreover, the schematic generating method has been 
strongly dependent on a utilization purpose thereof and 
on characteristics and technologies of an objective cir- 
cuit, namely, considerations are not given to the gener- 
alized utilization. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention 
to provide a schematic generating method or a sche- 
matic generator using the same capable of effecting effi- 
cient arrangement and routing or routing of a net 
diagram or logic circuit diagram in which connective 
relationships are clearly expressed and the schemati- 
cally represented content is easily understood, thereby 
removing the problems of the prior art technology. 
[0007] The object above can be achieved in a method 
of assigning levels to nodes of a net diagrams by provid- 
ing a first step for detecting loops in the net diagram of 
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a circuit, a second step for detecting in the loops 
attained by the first step a location in which an overlap- 
ping of the loops develops a maximum value, and a third 
step for determining a disconnecting point in the loops 
of the location detected by the second step. 
[0008] Or, the object above is achieved in the method 
by providing a fourth step for effecting a maximum 
matching on a bipartite graph comprising a set of nodes 
for which positional relationships are beforehand deter- 
mined, a set of nodes for which positional relationships 
are not determined, and connective relationships there- 
between so as to determine the positional relationships 
such that the nodes having a correspondence therebe- 
tween as a result of the maximum matching are located 
to an identical position and a fifth step operative, when 
there exist.nodes not saturated by the maximum match- 
ing in the fourth step, for determining the positional rela- 
tionships thereof based on direct or indirect connective 
relationships with respect to the nodes for which the 
positional relationships are beforehand determined. In 
this case, after the positional relationships of all nodes 
are sequentially determined, placements in a direction 
vertical to a level direction are determined based on the 
obtained positional relationships. 
[0009] Alternatively, the object above can be achieved 
in the method by providing a sixth step in which when 
positional relationships between nodes at a reference 
level or nodes as a reference of placements are deter- 
mined, assuming an arc as a father-son relationship for 
any combination of each pair including two said nodes, 
the sum of numbers of arcs are attained in a range from 
the paired two nodes to the common descendant (or the 
ancestor) and a difference between a level of the paired 
two nodes and a level of the descendant (or an ances- 
tor), thereby setting priority sequence of the respective 
pairs with the higher priority assigned to the smaller 
value of the minimum values of the total numbers of the 
arcs or of the level differences and a seventh step for 
determining positional relationships such that a pair 
having the higher priority is located at the nearer posi- 
tion. 

[001 0] Furthermore, the object above can be achieved 
in a method for sequentially conducting a routing 
between nodes in a net diagram for each region includ- 
ing each column (or each row) of nodes by providing a 
tenth step for determining a routing path or route based 
on a positional relationship between a node at a start 
point of a connecting line and an end point thereof, an 
eighth step for achieving a routing processing of each 
said region in accordance with a routing sequence pre- 
determined for each routing pattern determined by posi- 
tions respectively of the start and end points of each 
connecting line in each said region and for determining, 
when a plurality of connecting lines pass a routing path 
in said routing processing, a virtual routing length, for 
each connecting line in said routing path, from a posi- 
tion of a bending point thereof, and a ninth step for rout- 
ing each said connecting line in the routing path 



according to a sequence of the virtual routing length. 
[001 1 ] Alternatively, the object above can be achieved 
by providing second means for keeping information 
about a contour or shape of each placement element 

5 (inclusive of a drawing symbol) of a logic circuit dia- 
gram, a step A for determining a first global coordinate 
and a second global coordinate so as to decide a global 
placement to determine an approximate position of 
each said placement element, a step B for effecting; 

10 based on the global placement of said each placement 
element, connective relationships therebetween, and 
the contour of each said placement element obtained in 
said step A; a physical placement of each placement 
element including determination of local coordinates 

is and an orientation of each said placement element and 
an placement of pin positions of each said placement 
element, a step C for routing, in a net routing method 
according to claim 9, the connecting lines for each first 
global coordinate by use of the global coordinate and 

20 the local coordinate, and a step D for determining an 
absolute coordinate of a position of each said place- 
ment element and an absolute coordinate of each said 
routing based on the global coordinate and the local 
coordinate. 

25 [001 2] As described above, according to the present 
invention, from the loops appearing in a network dia- 
gram (or a circuit diagram), loops detected in the first 
step undergoes the second step so as to detect a loca- 
tion where overlapping of the detected loops develops 

30 the maximum value, so that the third step determines a 
disconnecting point from these maximum overlapping 
locations. This operation is repeatedly achieved in a 
sequential fashion to disconnect all the loops, which 
enables the number of feedback routings in the net dia- 

35 gram (or circuit diagram) after the placement and rout- 
ing to be minimized. As a result, the connective 
relationships and the signal flows becomes to be easily 
understood. 

[0013] Alternatively, in the step 4, the nodes associ- 

40 ated with each other as a result of the maximum match- 
ing of the bipartite graph are arranged at an identical 
global coordinate position; furthermore, in a case where 
a plurality of maximum matchings of the bipartite graph 
are present, the nodes having the greater level differ- 

45 ence takes precedence, thereby sequentially determin- 
ing the positional relationships. As a result in the net 
diagram (or the circuit diagram) after the placement and 
routing, the number of routings each drawn as a line 
similar to a direct line without having a bending portion 

so are increased, the connective relationships or the signal 
flows become to be easily understood, and the overall 
connective relationships are traceable at once, thereby 
creating the diagram with a high visibility. Furthermore, 
unlike the conventional placement method using the 

55 center of gravity, the present method unnecessitates the 
placement correction after the placement is once fin- 
ished, which enables the processing to be efficiently 
accomplished. 
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[0014] Or, by use of the sixth and seventh steps, the 
positional relationships between nodes (or elements) as 
reference of the placement can be established so as to 
allocate nodes having the stronger relationship (indirect 
relationship) at the nearer position. In consequence, in 5 
a net diagram (or a logic circuit diagram), the complexity 
of routing or routing in the proximity of the reference 
level can be mitigated. This enables the diagram to be 
produced with a high visibility and unnecessitates the 
correction of the placement after the routing is com- 
pleted in the vicinity of the reference level, thereby effec- 
tively achieving the placement or placement processing. 
[0015] Alternatively, in the tenth step, for routings of 
connecting lines between nodes (or elements), the rout- 
ing paths can be easily determined from the positional 
relationships between the respective nodes or elements 
at the start and end points of the connecting lines. 
When a plurality of connecting lines (partially) share an 
identical routing path, by use of the virtual routing 
lengths obtained for the shared portions of the connect- 
ing lines in the seventh step, the connecting lines are 
sorted in the eighth step. As a result, a net diagram (or 
a circuit diagram) having a reduced number of intersec- 
tions between routings can be easily produced through 
a simple processing. In consequence, the visibility of 
the diagram is increased; furthermore, once the routing 
processing is completed, a correction thereof to reduce 
routing intersections need not be achieved, thereby 
increasing the efficiency of the routing operation. 
[001 6] Moreover, since the second means keeps infor- 
mation related to the contour of each element (namely, 
each placement component) to be employed in the logic 
circuit diagram, in a case where available elements are 
to be changed, only a portion kept in the second means 
are required to be modified. Consequently, a schematic 
generator for producing a logic circuit diagram depend- 
ent neither on the utilization purpose of the logic circuit 
diagram nor on the technology of the circuit can be 
implemented. Moreover, since the step B enables, for 
each element appearing in the logic circuit diagram, sig- 
nals to be assigned to logically equivalent pins (namely, 
equivalent terminals) of the element based on a fore- 
cast of the routing paths; after the routing is once fin- 
ished, it is not necessary to correct the routings by 
exchanging the logically equivalent pins to reduce rout- 
ing intersections. 

[0017] With the provisions above and by providing the 
global coordinate and the local coordinate to be used in 
the step D, through an operation process of placement 
and routing, a logic circuit diagram with a satisfactory 
visibility can be automatically produced without necessi- 
tating the correction of placement and routing after the 
placement and routing are completed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] These and other objects and advantages of the 
present invention will become apparent by reference to 
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the following description and accompanying drawings 
wherein: 

Fig. 1 is a schematic configuration diagram of a 
schematic generator of automatically producing a 
logic circuit diagram as an embodiment according 
to the present invention; 

Fig. 2 is an explanatory diagram useful to explain 
an example of contour information; 
Fig. 3 is an explanatory diagram useful to explain 
an example of net information; 
Fig. 4 is an explanatory diagram useful to explain 
an example of logic diagram information; 
Fig. 5 is a logic circuit diagram showing an output 
example of a logic circuit diagram; 
Fig. 6 is a flowchart showing an example of 
processing to assign levels to elements; 
Fig. 7 is an explanatory diagram useful to explain 
an example of a net diagram; 
Fig. 8 is an explanatory diagram useful to explain 
an example of a data structure keeping loop infor- 
mation; 

Fig. 9 is an explanatory diagram useful to explain 
an example of a net diagram assigned with levels; 
Fig. 10 is a flowchart showing an example of 
processing to determine a reference level position; 
Fig. 1 1 is an explanatory diagram useful to explain 
a portion of a net diagram assigned with levels; 
Fig. 12 is an explanatory diagram useful to explain 
a priority order of node pairs; 
Fig. 13 is an explanatory diagram useful to explain 
a net diagram example after positional relationships 
are determined for the reference level; 
Fig. 14 is a flowchart showing an example of a rela- 
tive placement processing of each level pair; 
Fig. 15 is an explanatory diagram useful to explain 
an example of a data structure keeping positional 
relationship information of nodes; 
Figs. 16, 19. and 20 are explanatory diagrams use- 
ful to explain example of positional relationship 
information of nodes; 

Fig. 17 is an explanatory diagram useful to explain 
a bipartite graph; 

Fig. 18 is an explanatory diagram useful to explain 
the maximum matching of the bipartite graph; 
Fig. 21 is an explanatory diagram useful to explain 
a pin placement of the elements; 
Fig. 22 is an explanatory diagram useful to explain 
relationships between placement elements and 
routing patterns; 

Fig. 23 is a logic circuit diagram for explaining 
determination of precise positions of placement 
elements; 

Fig. 24 is a flowchart showing an example of a rout- 
ing processing at each level; 
Fig. 25 is an explanatory diagram useful to explain 
kinds of routings; 

Fig. 26 is a flowchart showing an example of a rout- 



15 



20 



25 



30 



35 



40 



45 



SO 



4 



2/2/2007, EAST Version: 2.1.0.14 



7 



EP0 950 966A2 



8 



ing processing for each routing kind; and 

Fig. 27 is an explanatory diagram useful to explain 

a virtual routing length. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0019] Referring now to the drawings, a description 
will be given of an embodiment according to the present 
invention. 

[0020] Particularly, in this embodiment, although an 
example of an automatic generation of a logic circuit 
diagram based on connective information (i.e. a net list) 
of a logic circuit, creation of the other net diagrams will 
be easily inferred from the description. 

Overall System Configuration 

[0021] Fig. 1 shows a schematic generator for auto- 
matically generating a logic circuit as an embodiment 
according to the present invention. This system 
includes a net information file 1 storing therein informa- 
tion about element (including circuit parts) and connec- 
tive or connecting information thereof, a contour 
information file 2 for storing therein contour or shape 
information of drawing symbols representing respective 
elements, a logic diagram information file 3 for storing 
therein drawing information about placements or place- 
ments and wirings or routings of a logic circuit diagram 
(also called a logic diagram), a cell library 4 storing 
therein contour information and functional information of 
each element, logic diagram drawing section 5 for 
receiving as an input thereto the logic diagram informa- 
tion to draw a logic circuit diagram by use of a drawing 
terminal 51 such as a display or a plotter, and a place- 
ment/routing processing section 11-16. 
[0022] For example, the net information file 1 keeps a 
net list (connective information) or the like of a logic cir- 
cuit obtained as an output from an automatic logic syn- 
thesizing system or an automatic circuit transforming 
system. Information stored in the net information file 1 
may also be employed for a logical verification, a timing 
check, an automatic layout system, etc. 
[0023] In the element level assignment 1 1 , based on 
the number of logical stages from an input port (input 
terminal) of each of the elements and the circuit parts 
contained in the net list kept in the net information file 1 , 
a level is determined for each element and for each cir- 
cuit part 

[0024] In the reference level position determination 
12, the system determines positional relationships in a 
direction orthogonal to a level direction between the ele- 
ments or circuit parts at the reference level (namely, 
sequential relationships for placing or arranging ele- 
ments or circuit parts in a direction vertical to the level 
direction). In this embodiment, for simplification, the 
maximum level (i.e. a level at which an output port 
exists) is set as the reference level; however, even rf a 



level at which an input port exists (namely, level 0) is set 
as the reference or elements and circuit parts at a plu- 
rality of levels are assigned with the reference level, 
there does not occur any problem. 

5 [0025] In the relative placement at each level 13. 
based on sequential relationships of positions of the 
elements (i.e. components or circuit parts) at the refer- 
ence level, positional relationships of positions are 
determined for elements at the next level (in this embod- 

10 iment, at the next level in the descending order), thereby 
determining sequential relationships of positions for all 
elements of the logic circuit. 

[0026] In the placement processing 1 1 to 1 3, few con- 
siderations have been given to the contour of each 

15 placement element (namely, to the contour of each 
drawing symbol of the elements and circuit parts), in 
consequence, assuming that the level of each element 
determined through the placement steps 11 to 13 is a 
first (global) coordinate and that a sequence obtained 

20 from sequential relationships of positions also deter- 
mined through the placement steps 1 1 to 13 is a second 
(global) coordinate, graphic placement (not related to 
the contour) is determined for each element. 
[0027] Incidentally, in this example, the sequential 

25 relationships of positions at each level are determined 
in a descending order. However, when the reference 
level is set to the level 0, the relationships are to be 
determined in the ascending level order; whereas in 
other cases, the relationships are to be determined in 

30 both directions including the ascending and descending 
level orders. 

[0028] On the other hand, the contour information file 
2 keeps information related to the contour of each draw- 
ing symbol used in a logic diagram. As an example, Fig. 

35 2 shows the contour information kept in the contour 
information file 2. This example includes sizes (size), 
positions of input pins (in(i) and in(ia)), and positions of 
output pins (out(o)) of drawing symbols of an inverter, a 
2-input AND gate, and a 3-input AND gate. These posi- 

40 tions are represented by use of relative coordinates with 
respect to the reference point of the respective symbol. 
However, the size of a drawing symbol is expressed with 
a pair of the minimum and maximum coordinates of ver- 
tices of a rectangle circumscribing the symbols. 

45 [0029] In the fine adjustment of element placement 
14, based on the first and second coordinates of each 
placement element determined in the processing 1 1 to 
13, the placement or placement thereof is roughly 
decided. Thereafter the system allocates signals to pins 

so to determine connections between pins of each element 
and signal lines thereto so as to minimize bending por- 
tions and intersections of routings, orientations of the 
respective placement elements, and precise coordi- 
nates thereof by use of the contour information of the 

55 respective placement elements. In consequence, the 
processing 14 physically allocates the elements with 
consideration of the orientations (including the mirror 
inversion) thereof and positions and sizes of pins, 
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thereby determining placements of the elements in the 
diagram. 

[0030] In the routing at each level 15. connecting sig- 
nals between placement elements determined by the 
placement processing above are sequentially wired so 
as to determine the routes or routings between ail 
placement elements. In this embodiment, although the 
description will be given of only a case where the rout- 
ing is sequentially achieved for each level in order of the 
higher beginning from the output port side, the routing 
of the other cases may also be easily inferred from the 
description. Incedentally, the coordinate of the routing is 
represented by use of the global coordinate determined 
in the processing 11 to 13 and the local coordinate 
which is the detailed coordinate information obtained in 
the processing 14. 

[0031] In the absolute coordinate determination 16, 
based on the resultant data of the processing above 
including the allocating positions of the respective ele- 
ments and the global and local coordinates represent- 
ing the routing positions, the absolute coordinates of 
placements and routings of the overall logic circuit dia- 
gram are determined so as to be stored in the logic dia- 
gram information file 3. 

[0032] Fig. 3 shows an example of a net list to be 
stored in the net information file 3. This example indi- 
cates that an element of dev1 has a cell name invOO, an 
input signal k1, and an output signal netl, etc. Fig. 4 
shows an example of logic diagram information to be 
kept in the logic diagram information file 3 in a case 
where the contour information file 2 before hand keeps 
contour information of Fig. 2 such that an example of 
Fig. 3 is inputted in this state to the system so as to exe- 
cute the processings 1 1 to 16. In the example of Fig. 4, 
there are indicated placement information such that an 
element dev1 with a cell name invOO has position of a 
reference point represented with a coordinate (12, 13) 
and a rotary angle is 0 without the mirror inversion and 
routing information such that end points of a signal line 
with a signal name netl are denoted by coordinates (1 7, 
13) and (25. 18) so as to link coordinates (17, 13), (21, 
13), (21, 18), and (25. 18). 

[0033] Furthermore, when the logic diagram informa- 
tion of Fig. 4 is supplied to the logic diagram generate 
section 5, a logic diagram as shown in Fig. 5 is output- 
ted on the drawing terminal (i.e. a display, a plotter, or 
the like) 51. 

[0034] Incidentally, the logic diagram generate section 
5 is ordinarily a logic diagram edit system (schematic 
editor), which is provided with the cell library 4 and the 
drawing terminal 51. In this situation, integrity is 
required to be preserved between the information kept 
in the contour information file 2 and the content of the 
cell library 4. 

[0035] Next, a description will be given in detail of the 
placement/routing processings 1 1 to 16. 



Element Level Assignment 

[0036] A method of assigning levels to nodes of a net 
diagram according to the present invention will be 

5 described by referring to Fig. 6. 

[0037] Fig. 6 is a flowchart showing an example of a 
detailed processing procedure of the element level 
assignment 1 1 . A step 61 is disposed to set level 0. In 
this embodiment, all input ports are assigned with level 

10 0. However, for a circuit not having any input port, level 
0 may possibly be assigned to an element or a circuit 
part which does not receive any input. 
[0038] In a step of loop detection 62, loops are 
detected in the circuit based on the net list to produce 

is loop information. For example, in a case of an example 
of a net diagram shown in Fig. 7, three loops A -» B -> 
H->F->D->A, A->C-»E-*F->D->A, andH-> 
F->D-»G->l->Hare detected to create loop infor- 
mation as shown in Fig. 8. However, in the example of 

20 Fig. 8, loop information is stored in a data structure of a 
list format. Arrows in this diagram represent pointers. 
[0039] Incidentally, referring to an example of a net 
diagram of Fig. 7, if the elements and signal lines of a 
logic circuit diagram are respectively assumed to be 

25 nodes and arcs, the logic circuit diagram may be consid- 
ered as a kind of a net diagram. Although, this embodi- 
ment detects all loops, the system need not necessarily 
detect all loops. 

[0040] In a latch recognition 63, the loops detected in 

30 the loop detection 62 are checked so as to extract any 
loops having a latch structure. Namely, of all loops, any 
loop comprising a pair (latch pair) of two nodes (ele- 
ments) is detected so as to be removed from the loop 
information. Thereafter, subsequent processing is exe- 

35 cuted on assumption that these pairs are at the same 
level. However, in a case where a node is included in a 
plurality of latch pairs, it may be possible to adopt a 
selection method to select, from the pairs, one having 
the smaller number of input arcs thereto. 

40 [0041 ] In a level assignment by logic stages 64, each 
node (element) is sequentially assigned with a level in a 
method such that if all nodes (elements) connected to 
an input of an assignment objective node (element) are 
assigned with levels and the maximum value of the level 

45 is U the pertinent node (element) is assigned with a 
level L+1. 

[0042] Incidentally, for a latch pair, a simple method 
may be adopted in which the latch pair is assumed to be 
a node (element). 

so [0043] In a judge processing 65, the system judges to 
determine whether or not all nodes (elements) have 
been assigned with levels. If this is the case, a maxi- 
mum level assignment 72 is processed; otherwise, the 
judge processing 66 is continuously executed. 

55 [0044] Incidentally, in this embodiment, the process- 
ing steps 64 and 65 are applied to the nodes (elements) 
other than an output port. 

[0045] In a judge processing 66. it is judged to deter- 
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mine whether or not the loop information is empty. If 
empty, the loop processing has been completed and 
hence a processing step 70 is executed; otherwise, the 
loop processing has not been completed yet and hence 
the processing 68 is achieved. In this description, when 
the loop information is empty, it is assumed that the loop 
information does not contain any loop registered 
thereto. 

[0046] In a processing step 67, the system detects, 
based on the loop information, a location (i.e. an arc) 
where the overlapping of a plurality of loops develops 
the maximum value. 

[0047] For example, in an example of Fig. 8, the 
degree of overlapping between the arcs D A and H -> 
F is two; whereas the overlapping degree of F D is 
three. Consequently, the location of the maximum over- 
lapping degree is determined to be the arc F D. In this 
example, only one location is associated with the maxi- 
mum overlapping degree; however, if a plurality of loca- 
tions are related to the maximum overlapping degree, 
the system determines all the locations. 
[0048] In a processing step 68. the locations (arcs) of 
the maximum overlapping degree are checked to set an 
arc as a feedback arc. That is, a node having the feed- 
back arc as an input thereto is determined and all loops 
including the pertinent node are removed from the loop 
information. 

[0049] For example, in the example of Fig. 8. the arc 
F -> D is selected as the feedback arc and the node D 
is determined as the objective node. In consequence, 
all loops of Fig. 8 are removed and the loop information 
becomes to be empty. 

[0050] Furthermore, in a case where a plurality of 
maximum overlapping locations exist in this embodi- 
ment, from the start point nodes of input arcs to the 
node having the arcs regarding the maximum overlap- 
ping locations as inputs thereto, the system employs a 
method to sequentially select a node in the priority order 
of 0 a node associated with a smaller number of nodes 
to which levels are not assigned, © a node associated 
with a greater number of nodes to which levels are 
assigned, or © a node associated with a smaller value 
of the maximum level of the nodes to which levels are 
assigned, thereby determining a node as an input desti- 
nation of the feedback arc. However, various combina- 
tions of the priority rules (J) , @ , or ® may be 
applicable. 

[0051] Incidentally, in this embodiment, a case in 
which the overlapping of arcs develops the maximum 
value has been considered; however, a case where the 
overlapping of nodes takes the maximum value may 
also be easily analogized from the description. 
[0052] In a processing step 69, the node determined 
in the step 68 (namely, the input destination node of the 
feedback arc) is assigned with a level. As a method of 
assigning a level to an objective node, in a case where 
of the start point nodes of the input arc to the objective 
node, the nodes already assigned with levels have the 



maximum level M; the objective node is then assigned 
with a level M + 1. In this processing, after a level is ass- 
inged to at least a node in the loop, the step 64 is exe- 
cuted again. 

5 [0053] Incidentally, in a case where any start point 
nodes of the input arcs to the node determined in the 
step 68 are not assigned with levels, a method similar to 
a method used in a processing step 71, which will be 
described later, is adopted to assign levels to the nodes. 

10 [0054] In a processing step 70, the nodes not 
assigned with levels in the processings 64 to 69 are 
checked so as to determine a node to be next assigned 
with a level. More concretely, the system selects a node 
not having an input arc. 

is [0055] In a processing step 71 . a level is assigned to 
the node determined in the step 70. For example, the 
nodes are checked beginning from the determined node 
in a direction toward an output thereof to find a first node 
assigned with a level so as to determine a level of the 

20 node which is selected in step 71 through a computation 
based on the level of a node having an input arc from 
the first node assigned with a level. Or, the node is 
assigned with a level 1 or 0. 

[0056] After a level is assigned to at least a node in the 
25 processing 71 , the processing 64 is re-executed. 

[0057] Finally, in a maximum level setting step 72, 
assuming the maximum level of the nodes assigned 
with the levels to be N, the levels of all output ports are 
set to N + 1 , thereby terminating the processing. 
30 [0058] Incidentally, in the processing steps 64 to 71 , 
for simplification, a latch pair may be assumed to be a 
node for the processing. 

[0059] In the method of assigning levels to nodes of a 
net diagram according to the present invention, the lev- 

35 els of nodes of the example of Fig. 7 are assigned as 
shown in Fig. 9. As can be also easily seen from this 
example, according to the level assigning method of the 
present invention, the number of feedback arcs is 
decreased, which improves the visibility of the diagram 

40 and the understandability of the signal flows. In other 
words, the example of Fig. 7 includes three loops and 
hence there are generated three feedback arcs in the 
worst case; however, as can be seen from the result of 
Fig, 9, only a feedback arc F D is used and hence the 

45 signal flows from the left to the right, which facilitates 
understanding of the signal flows in the obtained circuit 
diagram. 

[0060] Incidentally, in the example of Fig. 6, although 
the loop detection 62 and the latch recognition 63 are 

so disposed as two separate steps, these operations may 
be executed in a step. Moreover, although these 
processing steps are consecutively achieved in the 
starting portion of the processing procedure, even if 
these operations are placed before the processing 66 or 

55 67, there does not occur any particular problem. 
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Determination of Reference Level Position 

[0061] Referring now to Fig. 10, a description will be 
given of a method of determining a node position of a 
net diagram according to the present invention. 5 
[0062] Fig. 1 0 shows a flowchart including processing 
steps 101 to 105 as an example of a detailed process- 
ing procedure of the reference level position determina- 
tion 12. The respective processing steps will be 
specifically described in the following paragraphs. w 
[0063] The processing 101 is disposed to set node 
pairs each including two nodes at the reference level 
(output ports in this embodiment) without duplication 
therebetween. For example, in an example of Fig. 11, 
the reference level is assigned to the nodes A, B, C, and is 
D, and hence six pairs are established as A-B, A-C, A-D, 
B-C, B-D, and C-D. 

[0064] Incidentally, in this embodiment, only the out- 
put ports are set as the nodes at the reference level for 
simplification; however, any cases in which positional 20 
relationships are to be determined between nodes 
including elements and circuit parts other than the out- 
put ports may also be easily inferred from the descrip- 
tion. 

[0065] In the processing 102, the node pairs set in the 25 
step 101 are checked to detect an ancestor common to 
the node pairs as follows so as to compute a level differ- 
ence (generation difference) between each pair and the 
common ancestor and a degree of consanguinity 
thereof. 30 
[0066] As a method of detecting the common ances- 
tor, the detection is achieved by assigning a higher pri- 
ority to a node having a smaller level difference with 
respect to the node pair or to a node having the smaller 
sum of the number of arcs drawn from two nodes 35 
thereof. In addition, the degree of consanguinity of two 
nodes indicates the minimum value of the total of arcs 
existing in the paths from the respective nodes to the 
common ancestor. 

[0067] By the way, for a node pair for which the com- 40 
mon ancestor is not detected, control is passed to the 
subsequent processing without executing the computa- 
tions of the level difference and the degree of consan- 
guinity with respect to the common ancestor. 
[0068] In the processing step 1 03, the system checks 4$ 
to determine whether or not ail node pairs established in 
the step 101 have processed in the step 102. If any 
node pair is remained unprocessed, the processing 102 
is conducted for the node pair; otherwise, the process- 
ing step 104 is executed. so 
[0069] In the step 104, based on the computation 
results of the processing step 102, namely, the level dif- 
ference and the degree of consanguinity of each node 
pair with respect to the common ancestor, the priority 
sequence is determined between node pairs. More spe- 55 
crfically, a node pair having the smaller level difference 
with respect to the common ancestor takes precedence. 
Furthermore, a node pair having the smaller degree of 



consanguinity is assigned with the higher priority in the 
processing. For example, in the example of Fig. 1 1, the 
priority sequence is determined as shown in Fig. 12. 
That is, the priority sequence is set in an order of pairs 
A-C, B-C, A-B. B-D, A-D, and C-D. 
[0070] Finally, in the processing step 105. according 
to the priority sequence obtained in the preceding step 
104, the positional relationships between nodes at the 
reference level are determined such that a node pair 
having the higher priority is assigned with the nearer 
positional relationship, thereby terminating the process- 
ing. 

[0071 ] For example, in the example of Fig. 1 1 . the pri- 
ority sequence of the node pairs is set as shown in Fig. 
12. In consequence, by sequentially linking the node 
pairs beginning from the node pair which has the order 
of priority, the positional relationships can be decided. 
More concretely, based on the pair A-C, C is placed next 
to A; thereafter, from the pair B-C, B is located next to C. 
Next, rf B is positioned next to A, a loop is formed. To 
avoid the condition of the loop, the pair A-B is not used 
such that based on the pair B-D, D is placed next to B. 
As a result, as shown in Fig. 13, the positional relation- 
ships between the nodes A to D are determined. In this 
example, in order to obtain the positional relationships, 
three pairs A-C, C-B, and B-D are employed; however, 
even if the pair A-B is adopted in place of the pair C-B. 
only the positions of A and C are exchanged in the 
result as compared with that shown in Fig. 13. Namely, 
with respect to the visibility of the diagram, there does 
not occur any problem. Furthermore, the order of A to D 
of Fig. 13 may be reversed. Also in this case, any prob- 
lem does not take place in this regard. Actually, the 
order is to be determined depending on the other fac- 
tors (for example, a meaning of a signal on an output 
port). 

[0072] In the method of determining positions of 
nodes or elements according to the present invention, 
as shown in Fig. 13, it is possible to minimize routing 
intersections in the proximity of the reference level. This 
unnecessitates the correction of placement or place- 
ment in the neighborhood of the output port of the logic 
circuit diagram after the placement is completed. 
[0073] In the examples above, the level difference with 
respect to the common ancestor takes precedence over 
the degree of consanguinity; however, a case where the 
consanguinity takes precedence over the level differ- 
ence may also be easily analogized and hence a 
description thereof will be omitted. 

Relative Placement at Each Level 

[0074] Referring now to Fig. 14, a description will be 
given of an placement method of a net diagram accord- 
ing to the present invention. 

[0075] Fig. 14 is a flowchart including processing 
steps 141 to 148 as an example of a detailed process- 
ing procedure executed in the relative placement at 
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each level 1 3. First, prior to a concrete description of the 
respective processing, a data structure of positional 
relationship information employed in these processing 
steps will be described. 

[0076] Fig. 15 shows a data structure of information 5 
representing positional relationships between the 
respective nodes. In this data structure, a plurality of 
node lists 151 are linked by means of cells 150 repre- 
senting sequential relationships between the lists 151. 
Moreover, the cell 150 comprises a pointer 153 indicat- 
ing a sequence associated with lists and a pointer 152 
denoting a sequence of node lists. In addition, a cell 1 54 
constituting the node lists includes a pointer designating 
a node name or a node and a pointer 156 indicating the 
remaining portion of the list 151 . 
[0077] Referring next to the data structure of Fig. 1 5, 
description will be given of the respective processing. 
[0078] In the setting of nodes at maximum level 141 , 
the positional relationships of the nodes at the reference 
level (namely, the output ports) determined at the refer- 
ence level position are stored in the first positions of the 
respective node lists in the data structure of Rg. 15 so 
as to preserve the positional relationships. For example, 
in the example of Fig. 13, the positional relationship 
information is stored in a form of Fig. 16. 
[0079] Subsequently, in the processing 1 42, the max- 
imum level (namely, the level of the output port) is set to 
the level counter L 

[0080] In the next step 143. a bipartite graph is pro- 
duced for the level L More specifically, based on the 
respective node lists in the positional relationship infor- 
mation of Fig. 15, the system checks the final nodes 
(stored in the right-most portions in Fig. 15) to obtain 
nodes assigned with levels not less than the level L. 
These nodes constitute a set (to be called a relative 
position determined set). Furthermore, according to the 
linking or connective relationships of the net list, a sum- 
set (to be called a relative position undetermined set) is 
produced between a set of the nodes outputting input 
arcs to the nodes of the relative position determined set 
and a set of the nodes at a level L-1 . In other words, the 
system generates a bipartite graphs associated with the 
relative position determined and undetermined sets and 
the arc (connective) relationships therebetween. The 
graph is to be used in the subsequent step 144. 
[0081 ] In the step 1 44, a pair of nodes associated with 
each other is determined through the maximum match- 
ing effected on the bipartite graph obtained in the step 
143 so as to allocate the nodes at the same relative 
position. The bipartite graph and the maximum match- 
ing thereof are described, for example, in "Excercise of 
Graph Theory: Fundamentals and Applications" written 
by Masao Iri and published from Corona Inc. in 1983. 
[0082] For example, when the processing step 144 is 
effected on an example of the bipartite graph of Fig. 1 7, 
a matching (correspondence) state occurs between the 
nodes A and b, B and d, and C and a as shown in Rg. 
18, thereby establishing the maximum matching. In con- 



sequence, the same relative locations are assigned to 
the pairs of nodes A and b, B and d, and C and a. In 
consequence, the positional relationship information is 
obtained as shown in Fig. 19. 
[0083] In this connection, when a plurality of maximum 
matchings take place, a matching having the larger level 
difference between the nodes thereof takes precedence 
over the other matchings. For example, under the condi- 
tion of Fig. 18, two kinds of maximum matching are 
found as the matching of the nodes A and b, B and d, 
and C and a and that of nodes A and b, B and d, and C 
and c. In this situation, if the level difference between 
the nodes C and a is greater than that between the node 
C and c, the maximum matching of the nodes A and b, 
B and d, and C and a is preferentially selected. 
[0084] As a result of determination of placements 
based on the maximum matching of bipartite graph as 
described above, the increase of links between nodes 
are established with linkes like direct lines (along the 
horizontal direction), which facilitates understanding of 
the connective relationships and signal flows in the dia- 
gram. 

[0085] Furthermore, in the processing 145, a relative 
position is determined for any node at the level L-1 for 
previous step 144. That is, each node at the level L-1 
selected from the relative position undetermined set 
excluding the nodes assigned with the relative positions 
in the processing 144 is located at a position of a center 
of gravity with respect to each relative position of the rel- 
ative position determined nodes having an arc relation- 
ship with said each node or at a position in the 
neighborhood of the center of gravity. 
[0086] For example, since the desired center of gravity 
of node c and position of node a are assigned with an 
identical relative position in the example of Fig. 18, the 
pertinent node c need only be positioned between the 
nodes d and a or below the node a. In this case, since 
the node c is placed below the node a, the positional 
relationship information becomes to be as shown in Rg. 
20. 

[0087] In the processing 146, in order to achieve the 
similar processing on the nodes at the level L-1, the 
content of the level counter L is decremented by one. 
[0088] The judge processing 1 47 determines whether 
or not the level counter L contain a count 0. If this is the 
case, the processing step 148 is executed; otherwise, 
the processing steps 143 to 145 are repeatedly exe- 
cuted for the next level. 

[0089] Finally, the processing 1 48 determines for each 
node, based on the positional relationship information 
stored in the data structure of Fig. 15, a level and a 
coordinate of the node in the vertical direction. For 
example, in the case of Fig. 20, the coordinates 1, 2, 3, 
and 4 are assigned to the nodes A and b, B and d, C 
and a, and the node c, respectively. 
[0090] With the provision of the reference level posi- 
tion determination 12 and the relative placement at 
each level 13 in the embodiment according to the 
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present invention, it is possible to create a logic circuit 
diagram which facilitates understanding of the overall 
connective relationships and which enhances visibility 
thereof. In consequence, the placement or placement 
need not be corrected after the placement is once 5 
achieved and hence the efficiency of the processing is 
increased. 

Fine Adjustment of Element Placement 

10 

[0091] A description will be given in detail of the fine 
adjustment of element placement 1 4. In this processing, 
based on the positional relationships determined by the 
coordinates (namely, global coordinates) of the respec- 
tive placement elements and the contour information 15 
stored in the contour information file 2, signals are allo- 
cated to pins of the placement elements (nodes) and 
precise positions of the elements are determined. How- 
ever, for simplification, in this description, it is assumed 
that the respective placement elements of a logic circuit 20 
diagram are each located to face toward a direction 
from the left to the right (namely, the rotary angle is 
zero). 

[0092] First, a description will be given of a method of 
allocating signals to the pins. Fig. 21 is a diagram 25 
including an placement element 210 at the center 
thereof in which start point element positions of input 
signal lines to the element 210 are associated with 
seven subregions. Regions A and G have a global first 
coordinate (a coordinate in the horizontal direction in 30 
this example) of the element 210. Region D possesses 
a global second coordinate (a coordinate in the vertical 
direction in this example) of the element 210. 
[0093] When the area subdivision is achieved as 
shown in Fig. 21, routing patterns of the signal lines 35 
from the placement elements in the respective regions 
are forecasted as shown in Fig. 22. As can be easily 
recognized from the routing patterns of Fig. 22. in order 
to minimize routing intersections, a signal line of which 
the start point placement element is in the upper field in 40 
Fig. 22 is assigned to an upper input pin of the place- 
ment element 210 in this embodiment That is, a signal 
line is assigned with a higher priority according to the 
region of the associated start placement element in the 
following order, namely, region A > region B, region B > 45 
region C, region C > region D, region D > region E, 
region E > region F, and region F > region G. According 
to this order with respect to the associated start point 
placement element, the pertinent signal line is allocated 
to an input pin of the element 210 at the upper position so 
in Fig. 21. 

[0094] Incidentally, the pin placement is achieved only 
for a logically equivalent pin. Moreover, only the pin 
placement is conducted in this example; however, by 
combining a rotation and a mirror inversion of place- ss 
ment elements, it is possible to wire the elements with a 
reduced number of intersections. 
[0095] In addition, also in each region, the pin place- 



ment priority sequence may also be determined 
depending on routing patterns forecasted based on the 
positions of the start point placement elements. For 
example, the region D is related to the routing patterns 
as shown in Fig. 22, a signal line associated with a start 
point placement element with the larger value of the glo- 
bal first coordinate (a coordinate in the horizontal direc- 
tion) need only be allocated to an input pin at the upper 
location of the placement element 210. 
[0096] Next, a description will be given of the opera- 
tion to determine precise coordinates of the respective 
placement elements. 

[0097] Since input/output pin locations vary depend- 
ing on the contour of each element to be allocated, 
when only the global coordinate is used for the determi- 
nation, even if the global second coordinates of two ele- 
ments are identical to each other, a routing route 
therebetween is not necessarily drawn as a direct line. 
To overcome this difficulty, according to this embodi- 
ment, a local second coordinate is determined for each 
placement element such that for the adjacent elements 
associated with the same global second coordinate, a 
position of an output pin of one of the adjacent place- 
ment elements and a position of an input pin of the other 
one thereof to be connected to the output pin are 
assigned with an identical second coordinate (a coordi- 
nate in the vertical direction), so that the routing there- 
between becomes to be a direct line. For example, as 
shown in Fig. 23. if the placement of the elements are 
accomplished only based on the global coordinate, a 
positional discrepancy takes place between the input 
and output pins, which causes the routing therebetween 
to include a bending portion. To avoid this disadvantage, 
the local coordinates are set so as to prevent the posi- 
tional difference from appearing between the input and 
output pins to allocate the elements with the local coor- 
dinates also taken into consideration, thereby producing 
a circuit diagram with a satisfactory visibility. 
[0098] By the way, although only the second coordi- 
nate has been described in this example, it is also pos- 
sible to similarly set the local coordinate for the first 
coordinate so as to conduct a fine adjustment. 

Routing at Each Level 

[0099] A method of routing a network according to the 
present invention will be next described by referring to 
Fig. 24. 

[01 00] Fig. 24 is a flowchart including steps 241 to 248 
showing an example of the processing procedure of the 
routing at each level 15. First, in the step 241, the max- 
imum level (the level of the output port) is assigned to 
the level counter L. Next, in the processing steps 242 to 
246, routings are conducted for the regions at the level 
L (namely, the global first coordinate L). In this routing 
operation, the net list, position coordinates of the 
respective placement elements and pins thereof, and 
connective information of routings between the levels 
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L+1 and L are referenced to produce coordinates of the 
start, bending, and end points of each routing and the 
connective information of routings between the levels L 
and L-1. In addition, when the L-level routing operation 
is completed, the processing step 247 decrements the 5 
level counter L by one. Then, the judge processing 248 
judges to determine whether or not the content of the 
level counter L is 0. If L is not 0, control returns to the 
step 242 to repeatedly execute the routing steps 242 to 
246 for the next level. If L is 0, the routing processing at w 
each level 15 is thereby completed. 
[0101] Next, a description will be given in detail of the 
L-level routing processing steps 242 to 246. 
[0102] Fig. 25 is a net diagram showing routing types 
of regions at the respective levels. A routing 251 passes 15 
from a region at the level L+1 to a region at the level L- 
1 . A routing 252 is a feedback routing from a region of 
the level L+1 to an placement element at the level L. A 
routing 253 is a feed-forward routing from an placement 
element at the L-1 level to a region at the level L+1 . A 20 
routing 254 is a feed-forward routing to an placement 
element at the level L A routing 255 is drawn from an 
placement element at the level L-1 to a region at the 
level L-1. 

[0103] In this embodiment, a routing order is deter- 25 
mined for each routing type of Fig. 25 so as to deter- 
mine the routing according to the routing order. More 
specifically, as shown in Fig. 24, in the transit routing 
processing 242, routings of the type indicated by the 
routing 251 are conducted. In the feedback routing 30 
processing to level L 243, routings of the type associ- 
ated with the routing 252 are accomplished. In the feed- 
forward routing processing from level L-1 244, routings 
of the kind related to the routing 253 are carried out. In 
the feed-forward routing processing to level L 245. rout- 35 
ings of the kind of the routing 254 are achieved. In the 
feedback routing operation 246 from level L-1 246, rout- 
ings of the type associated with the routing 255 are con- 
ducted. In this routing sequence, a routing with the 
earlier routing sequence is achieved in the nearer posi- 40 
tion of an placement element at the level L. However, 
although it may be considered that the processing 
sequence of the routing steps 244 and 245 of this 
embodiment is reversed, for simplicity, a description of 
such a case will be omitted. 45 
[0104] In addition, the respective routing steps 242 to 
246 conduct processing as shown in Fig. 26. 
[0105] Fig. 26 shows a flowchart including steps 261 
to 263 showing an example of a detailed processing 
procedure of the routing processing 242 to 246. so 
[0106] In the flowchart, the step 261 is disposed to 
compute a virtual routing length of each routing line 
based on a vertical component of length in the routing 
operation. In the processing 262, the routings are 
sorted according to the virtual routing lengths to deter- 55 
mine a routing sequence. Furthermore, in the step 263. 
depending on the routing sequence, the routing is con- 
ducted from the side of routing elements at the level L 



without allowing any overlapping between the routings. 
By the way, in a region of the level L, for a routing which 
has not any bending portion, the steps 261 and 262 are 
skipped so as to preferentially achieve the routing. 
[0107] In this connection, according to this embodi- 
ment, for simplicity, the virtual routing length is in princi- 
ple set to be equal to the vertical component of length in 
the routing operation. However, for the routing kinds of 
the routings 253 and 254, if the upper end of the vertical 
component of the routing is bent toward the level L-1, 
the upper end is assumed to have a sufficiently large 
coordinate (for example, the coordinate of the upper- 
most position of the diagram) so as to compute the vir- 
tual routing length. Conversely, if the lower end of the 
vertical component of the routing is bent toward the 
level L-1 , the lower end is assumed to have a sufficiently 
small coordinate (for example, the coordinate of the 
lower-most position of the diagram) so as to compute 
the virtual routing length. 

[0108] For example, as shown in Fig. 27, the virtual 
routing length of the routings 271 to 273 are determined 
as t a 274, £ b 275, and £ c 276, respectively. Further- 
more, in this embodiment, the step 262 conducts the 
sorting operation in the ascending order in the routing 
steps 243 to 245 and in the descending order in the 
routing step 246. 

[0109] In the routing operation described above, for 
simplicity, the description has been given of a case 
where a routing with the earlier routing sequence is 
effected at the nearer placement element at the level L. 
The reverse case may also be easily inferred from the 
description. 

[01 1 0] With provisions of the pin placement in the fine 
adjustment of element placement 14 and the routing 
processing at each level 15 according to the embodi- 
ment, it is possible to produce through a simple 
processing a logic circuit diagram having a reduced 
number of routing intersections. In consequence, once 
the routing operation is completed, it is not necessary to 
correct the routing results, which improve the efficiency 
of the routing processing. 

[01 1 1 ] According to the schematic generator to auto- 
matically produce a logic circuit diagram, it is possible to 
automatically generate a logic circuit diagram in which 
the feedback signal lines are reduced, the signal lines 
drawn like a direct line is increased, the number of 
bending portions and intersections of signal lines are 
respectively minimized, thereby improving the under- 
standably of the logic functions. Furthermore, in the 
schematic generator, only one process of placement 
and routing is required, namely, neither the placement 
correction nor the routing correction is necessitated, 
which enables an efficient placement and routing 
processing to be achieved. In addition, since the con- 
tour information file keeps physical information related 
to the placement elements, there is developed an effect 
that any changes, for example, of the technology of the 
objective circuit may be easily coped with. 
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[01 12] As described above, according to the present 
invention, the node level assignment can be conducted 
with a reduced number of feedback arcs and positional 
relationships of nodes at the reference level are appro- 
priately determined. Based on the positional relation- 
ships, the nodes can be placed on connective 
relationships, which can be easily traced. Moreover, tak- 
ing the routing sequence and the virtual routing lengths 
into consideration, the number of routing intersections 
can be reduced. Consequently, there is obtained an 
advantageous effect that a net diagram or a logic circuit 
diagram is produced with an improved visibility of con- 
nective relationships and with an increased understand- 
ability of the content expressed in the diagram. 
[0113] In addition, physical information of the place- 
ment elements is kept in the contour information file so 
as to be separated from the placement processing, 
which leads to an excellent effect that the system can 
easily cope with changes in the utilization purpose of 
the net diagram and in characteristics and technologies 
of the objective circuit. 

[01 14] While particular embodiments of the invention 
have been shown and described, it will be obvious to 
those skilled in the art that various changes and modifi- 
cations may be made without departing from the 
present invention in its broader aspects. 

Claims 

1 . A method of automatically routing connection lines 
between nodes of a graph based diagram repre- 
senting a technical system, said diagram compris- 
ing a plurality of regions each including a column or 
row of nodes, said method being adapted to routing 
said connection lines of said regions sequentially 
and comprising 

a first step of determining routing path of each 
connection line in dependence upon positional 
relationship between both edge nodes of said 
each connection line, each edge node being a 
node at the start edge or the end edge of said 
connection line, and 

a second step (1 5) of routing parts of said con- 
nection lines; 

said method characterized by said second step 
including 

routing (242 to 246). parts of said connection 
lines in each region according to a routing 
sequence predetermined for routing patterns 
(251 to 255), each pattern being determined 
based on a start position and an end position of 
the respective part of said connection lines. 

2. A method according to claim 1, wherein said first 
step comprises 

predetermining shapes and locations of routing 



paths for positional relationships of start edge 
nodes and end edge nodes of said connection 
lines, whereby routing paths of said connection 
lines are automatically/mechanically deter- 
5 mined. 
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invOO. : : 

size :: [ (0,-2) , (5,2) ] , 

in( i) :: (0,0); 

out(o) :: (5,0). 
ond20l::: 

size :: C (0,-1) , (6,3) J ; 

in(Lo) :: [(0.2) , (0,0) ] ; 

out(o) :: (6,1). 

ond30l::: 

size :: [ (O.-l) , (6,3) 3 ; 

in(ta) :: [ (0,2) , (0,1) , (0,0) ] ; 

out(o) : : (6, 1 ) . 



F I G. 3 



devl ; :: 

o_kind_of :: invOO; 
input(i) : : kl ; 
output(o) :: net I . 

dev3 : : : 

o_kind_of :: and 301; 
input (io) :: [k2, k4, netl] ; 
out put (o) :: net 3. 

dev5: :: 

o_kind_of : : and 201; 

input(ia) :: Cnet3,net4j; 
output(o) :: f . 
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dcvl 

o_kind_of 
position 

ongle 
mirror 

dev3 . : : 

o_kind_of 
position 
ongle 
mirror 

dev5 : : 

a_kind_of 
position 
ongle 
mirror 

net I ::: 

o_kind_of 

io 

net 



net 3 



o_kind_of 

lo 

net 



: invOO , 
: ( 12 , 13) ; 
0; 

false . 

and30l; 
(25, 18 ) i 

0 ; 
false . 

and 201; 
( 39, 17 ) ; 

0 ; 
false. 

wire ; 

[ ( 17, 13) , ( 25, 18 ) 3 i 
C [ ( 17, 13) , (21 , 13 ) . 
( 21 , 18 ) , ( 25, 18 ) ] ] 

WLT6 * 

[ (31 , 19) , ( 39, 19) J ; 
C C ( 31 , 19 ) , ( 39, 19 ) ] ] 
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